Environmental factors very early in life may be important for later development of insulin dependent diabetes. Because several of these factors, such as infections, vary with season, we predicted a diVerence in birth pattern compared with the general population among children who develop diabetes. In a population based study we analysed all 1248 children from seven paediatric departments in the south east part of Sweden to evaluate whether there is such a relation. There was a significant diVerence in birth pattern in patients with diabetes compared with the general population. Children who developed diabetes at the age of 10-15 years accounted for most of this diVerence. Boys had a more pronounced diVerence in birth pattern than girls. Children diagnosed with diabetes during years of high incidence, as well as children with an infection before diagnosis of diabetes, showed a significantly diVerent birth pattern compared with the background population. These results indicate that there is a diVerence in birth pattern in children who develop diabetes compared with the background population. This supports the theory that environmental factors early in life play a role in the development of diabetes many years later.
The cause of insulin dependent diabetes is unknown but genetic and environmental factors and autoimmune mechanisms are involved in the pathogenesis. 1 2 Several studies have reported that physical, psychological, or chemical stresses can produce imbalance in the proportions of T cell subsets, immunoglobulin levels, and lymphocyte reactivity. [3] [4] [5] There is also a seasonal variation in several immune variables, which could imply that some immunological abnormalities could be explained by seasonality. In turn, this might contribute to the onset or progression of certain diseases such as diabetes and allergy. 6 In allergy, early infancy seems to be a period of particular susceptibility to sensitisation, 7 8 and several studies have found a relation between month of birth, sensitisation, and manifestation of atopy. 9 10 There is a clear seasonal variation in the diagnosis of diabetes, 11 12 and children diagnosed during high incidence peaks more often have a preceding, perhaps precipitating, infection. 13 These children have higher IgM and IgG levels and they lose their C-peptide more rapidly than patients diagnosed during periods of lower incidence. 13 14 However, seasonal factors could influence not only precipitating mechanisms just before diagnosis, but also initiating or promoting mechanisms very early in the disease process.
In 1981 Helgasson and Jonasson 15 showed that the incidence of diabetes in Icelandic boys diagnosed at 0-14 years of age and born in October was higher than expected. They suggested that the presence of high concentrations of N-nitroso compounds, common food additives, and smoked/cured mutton contributed to the development of diabetes, not in the consumer but in the progeny. This is supported by animal studies. Male oVspring of mice fed with cured mutton had increased glucose levels and evidence of cell destruction. 16 Seasonal variation in nutrition or infections might influence pregnant mothers and their fetuses, or the baby during its early life. Two studies have confirmed the relation between month of birth and the risk of developing diabetes, 17 18 although another study failed to confirm this relation. 19 A recent Swedish study showed fewer children than expected who had developed diabetes were born in October, but this was not significant. 20 We performed a population based study to find out: (1) whether there is a relation between month of birth and the risk of developing insulin dependent diabetes; and (2) whether such an association is related to certain background events.
Methods
We recruited 1248 children (702 boys, 546 girls) from seven paediatric departments in the south east part of Sweden. These children had developed diabetes at < 16 years of age and had been diagnosed between 1977 and 1994 and born between 1962 and 1992. The catchment areas of these clinics form a contiguous geographical area of 42 356 km 2 . From their medical records we extracted information regarding date of birth, sex, and date of diagnosis (first insulin injection), together with information about infections within the three months before diagnosis and duration of symptoms before diagnosis, blood glucose values and ketonuria at diagnosis. The Swedish system of centralised care of children with diabetes means that all cases are registered. In addition, we found complete concordance with the reports to the Swedish Childhood Diabetes Registry. 21 From the Swedish Population Registry we obtained the sex, and year and month of birth for all children born in the geographical area during the timespan studied. The study was approved by the ethics committee of the faculty of health sciences, Linköping University.
STATISTICAL ANALYSIS
Because this is an explorative study we tested our hypothesis regarding month of birth and diabetes by 2 using the formula:
2 /expected Eleven degrees of freedom (df) were used when describing variation over the year and one degree of freedom when analysing a single month. When using the formula for a single month we also add in (O-E) 2 /E for the other 11 months taken together.
Expected values were calculated by the formula:
all live births for month × all diabetic cases (1248)/all live births in the area (499 293) Thus, the 499 293 children born during the same time and in the same geographical area were the reference standard.
Each subgroup was calculated by the same formula-for example, boys 702/257 758 × all liveborn boys born each month; and children 0-4 years of age at diagnosis, 206/308 702 × all children 0-4 years of age born each month.
Some analyses were performed with 2 test for 2 × 12 or 3 × 12 tables (crosstabs) and one way analysis of variance (ANOVA), using the procedures of the statistical package for the Social Sciences for Windows (SPSS-WIN).
Results
Two hundred and six (16.5%) of the children were 0-4 years of age at the diagnosis of diabetes, 402 (32.2%) were 5-9 years, and 640 (51.3%) were between 10 and 15 years of age. There was a small but significant diVerence in the monthly pattern of births in children with diabetes compared with the general population (df = 1, 2 = 20.87, p < 0.04), mostly because fewer diabetic children than expected were born in October (table  1) . Furthermore, more children with diabetes were born in August than expected ( 2 = 6.68, p < 0.02, O/E = 1.25) (fig 1) . Boys had a more pronounced diVerence in the monthly pattern of births than did girls.
When analysing the three age groups we found a significant diVerence in birth seasonality (p <0.04;
2 ) because children who developed diabetes at the age of 10-15 years accounted for most of the diVerence in variation over the year (df = 11, 2 = 24.27, p < 0.02) (fig 2) . More children were born in July than expected (df = 1, 2 = 5.94, p < 0.02, O/E = 1.32). Children 0-4 years of age at onset of diabetes had no significant birth seasonality whereas fewer children 5-9 years of age at diagnosis were born in October (df = 1, 2 = 4.05, p < 0.05, O/E = 0.75) (table 1). The overall annual incidence of insulin dependent diabetes for the study period was Four hundred and thirty one of the children had an infection documented within the three months before diagnosis, mostly a common cold (61%) or gastrointestinal illness (10%), and these children showed a more marked birth seasonality compared with the background population (df = 11, 2 = 21.03, p < 0.03) (fig 4; table 1 ) than children who had no documented infection before diagnosis ( 2 = 12.13). We found no significant association between month of birth and blood glucose values at diagnosis or duration of symptoms before diagnosis ( 2 and ANOVA).
Discussion
In the Swedish health care system all children 0-15 years of age are diagnosed and treated in paediatric departments. Thus, because there are no patients going to private doctors or district doctors we can be sure that we included all children with newly diagnosed diabetes in the study area.
In contrast to another Swedish study by Dahlquist and Källen, 20 we found a significant diVerence in birth pattern in children who later developed diabetes compared with the general population. One explanation for the finding that the youngest age group had rather high O/E ratios but not a significant birth seasonality over the year could be the fact that this group had the smallest number of children. Jongbloet et al found that more children with diabetes than expected were born in January and February. 17 However, we found that more children with diabetes than expected were born during the summer, in agreement with Rothwell et al, 18 especially those children who developed diabetes during years of high incidence and subgroups with high incidence. Although October was the predominant month of birth in the study by Helgasson and Jonasson, 15 we found significantly fewer children than expected born in October, a finding seen in almost all subgroups. Several other studies have also reported that fewer diabetic patients than expected were born during the autumn months. 17 19 20 Thus, our results agree to some extent with some studies, 15 17 18 but conflict with another. 19 One possible explanation could be methodological diVerences. In contrast to most other studies, we dealt with a completely ascertained population covering a limited geographical area. Another explanation could be that environmental factors have their peak at diVerent periods of the year in diVerent areas of the world, or that diVerent environmental factors are of main importance. Are there environmental factors that aVect the fetus or the newborn child during certain seasons that, to some extent, protect them against diabetes? Or are the initiating factors more common during certain seasons, explaining the low incidence among children born in the autumn, but high in those born in late summer? Viral infections during pregnancy, or early in life, may contribute to later development of insulin dependent diabetes, [22] [23] [24] and such infections may aVect pregnant women more often during certain times of the year, thereby contributing to the diVerence in seasonal variation of birth of children who develop diabetes. Coxsackie viruses are trophic to cells. 25 26 Lymphocytes from children with diabetes, stimulated with a peptide from GAD (glutamic acid decarboxylase) known to have a similar amino acid sequence to coxsackie B viruses, show increased interferon (INF-) mRNA expression compared with unstimulated lymphocytes from the same patients. 27 INF-is produced mainly by the T helper type 1 (Th1) subset of T cells. 19 23 Thus, the autoimmune response in insulin dependent diabetes might involve disturbances in immunoregulatory circuits that lead to a dominance of Th1 over Th2 T cell subset function. 28 This process is most likely to occur in genetically predisposed individuals, in whom such an infection in the fetus or very early in life might aVect the vulnerable immature immune system and cause the relevant disturbances in the immunoregulatory circuits. 22 In addition, further coxsackie infection(s) later during infancy or childhood may serve as a promoting factor, a sequence known from animal studies. 30 The percentage of coxsackie B positive children at onset of diagnosis is greater when the incidence of diabetes is high than when the incidence is low. 31 We found incidence peaks in 1983 and 1993. We do not know of any epidemic infectious disease in the study area during these years, but there were similar incidence peaks of diabetes during 1983 in areas geographically close to Sweden. 32 33 In summary, we have shown that there is a seasonal variation of birth in children who later develop diabetes, which suggests that environmental factors very early in life, during pregnancy, or in the neonatal period play a role in its development. Such factors seem to vary with season. In south east Sweden, children born in July and August seem to be more prone and children born in the autumn less prone to exposure to such factors. We are trying to identify these environmental factors by studying 24 000 children in south east Sweden, who are being followed prospectively from pregnancy to the age of 5 years with regard to infections, early nutrition, and other environmental factors.
